Hypoglycemia is often cited as a barrier to achieving inpatient glycemic targets. We sought to characterize hypoglycemic events in our institution by work-shift cycle and by specific treatment area.
Introduction
Hospi talized persons are at risk for the development of hypoglycemia. Hypoglycemia in nondiabetes patients is often associated with severe underlying illness, such as renal failure or advanced liver disease. 1,2 Patients with diabetes or hyperglycemia, however, are the inpatients in whom hypoglycemia is most often observed, and it is frequently related to the use of therapies for the management of high glucose levels or to the disruption of nutritional intake while receiving hyperglycemic therapy. 1,3-5 Severe hypoglycemia, which various studies define as glucose values of <50 or <40 mg/dl, has been associated with higher mortality in persons with and without diabetes, although it is still unclear whether hypoglycemia is only a marker for poor outcome or is itself the principal cause of death. 1, 2, [6] [7] [8] [9] The prevalence of hypoglycemia in inpatients with diabetes is difficult to establish, because reports use different biochemical criteria to define an event; 1,4,6-10 however, the overall and per person prevalence of hypoglycemia is much lower compared with that of hyperglycemia. [11] [12] [13] With a biochemical cutoff of <70 mg/dl (the definition of hypoglycemia used by our institution), the per person prevalence of hypoglycemic events among patients with diabetes or hyperglycemia in our facility is two per person, and the frequency of severe hypoglycemic events is even lower. 12 A low frequency of hypoglycemia may be common in hospitals in general. 13 Practitioner fear of hypoglycemia is often cited as the main obstacle to controlling hospital hyperglycemia. 14 In recent surveys, hypoglycemia was ranked highly by clinicians as a barrier to the management of inpatient hyperglycemia, but it was not the number one obstacle listed. However, in these surveys, practitioners also reported not feeling comfortable in managing hypoglycemia in the hospital, and most were not very familiar with institutional policies guiding its treatment. [15] [16] [17] As hospitals begin to implement tight glycemic control programs, there is a risk that hypoglycemia will increase; hence the prevention of hypoglycemia remains a justifiable inpatient goal. 9 Developing effective hypoglycemia prevention programs requires greater understanding of event patterns in the hospital. Specifically, determining if there is any diurnal or geographic variation in hypoglycemic events could help focus quality improvement efforts that are geared toward reducing the risk of occurrence. To better elucidate hypoglycemia patterns in our facility, we conducted a cross-sectional analysis of hypoglycemia detected in inpatients with diabetes or hyperglycemia to search for any temporal or geographic variation of events during their hospital stays.
We included patients without a definite diabetes diagnosis but with evidence of hyperglycemia for three reasons. First, these patients may require treatment (and therefore be at risk for hypoglycemia). Second, patients with hyperglycemia may represent individuals with undiagnosed diabetes. Third, there could be a coding error (someone with diabetes may be coded as having hyperglycemia rather than diabetes or vice versa). Finally, the pathophysiology of glucose damage (e.g., antioxidant formation) is a pathway that likely does not differ on the basis of whether someone has a preexisting diagnosis of diabetes.
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Conclusion:
There are temporal and geographic patterns in the occurrence of hypoglycemia among patients with diabetes or hyperglycemia in our hospital. Further study should focus on the reasons underlying these variations so that specific interventions can address the risk of hypoglycemia during peak times and places. 
Data Analysis
Management of hypoglycemia in our hospital follows a written protocol involving treatment of the hypoglycemic event followed by a recheck of the patient's glucose, typically within 15 min after attempted correction. This cycle is repeated until the hypoglycemia resolves. Thus all hypoglycemic values in the laboratory database do not necessarily represent unique occurrences but may instead be a continuation of a signal event. 5 Consequently, when we identified hypoglycemic values recorded during the first hour of an index event for a specific patient, they were not counted, because they most likely represented persistently low values rather than unique episodes.
Identified hypoglycemic events were then analyzed by 12 h nursing work-shift cycles (day shift, 07:00 to 18:59; night shift, 19:00 to 06:59). For each of the two shifts, the number of hypoglycemic episodes was counted separately for laboratory glucose and bedside glucose values and then for both combined. The 24 h pattern of events was then plotted. Additionally, we calculated the number of hypoglycemic readings per patient by shift.
The number of hypoglycemic episodes was counted separately for each of the six medical, surgical, and intensive care wards (designated areas 1 to 6 in this analysis) within the hospital and were ranked according to the areas that had the highest prevalence of hypo- 
Methods
Description of Facility
Our tertiary care academic teaching hospital is a facility with 200+ beds in metropolitan Phoenix, Arizona, that offers all general medical and surgical specialties for adult patients but does not provide pediatric care or obstetric care. The hospital also has a level II trauma center and an inpatient rehabilitation unit. Inpatient care is provided by resident physicians, students in allied health and medical schools, physician assistants, nurse practitioners, and faculty of the College of Medicine, Mayo Clinic. Inpatient areas typically house both surgical and medical cases. There are six inpatient care areas (excluding the emergency department and preanesthesia and postanesthesia recovery areas). Although some inpatient areas may represent specific specialties (e.g., cardiac; transplant; hematology or oncology; or intensive care), patients are often placed where there is bed availability, and thus wards may have a patient population with mixed diagnoses and severity of illness.
In our hospital, patients not receiving an insulin infusion (which is only provided in the intermediate and intensive care areas) generally have bedside glucose readings obtained before each meal (typically between 07:00 and 08:00, 11:00 and 12:00, or 16:00 and 17:00) and at bedtime (around 21:00); for persons being treated with an insulin drip, hourly values are measured. Laboratory glucose levels are generally obtained between 04:00 and 04:59 but are not necessarily ordered on a daily basis for noncritically ill patients. Bedside glucose monitoring is conducted using an Accu-Chek ® Inform (Roche Diagnostics, Indianapolis, IN), an instrument that scans and records patient identification from a bar code, followed by direct downloading to our laboratory database. Commercial software (RALS ® -Plus, Medical Automation Systems, Charlottesville, Virginia) facilitates the interfacing of glucometer data with the electronic laboratory file. 13
Case Selection
Between October 1, 2007, and February 3, 2008, electronic laboratory records were searched weekly to identify all laboratory and bedside glucose values of <70 mg/dl occurring in the six inpatient care areas. Patient admission and discharge dates were determined, and electronic medical records were examined to abstract demographic data, including any diagnosis of diabetes or hyperglycemia. Data from patients without diabetes or hyperglycemia whose hypoglycemia resulted from other causes were excluded from analysis. 
Results
Patient Characteristics
We identified 251 individual patients with unique hypoglycemic events in the hospital between October 1, 2007, and February 3, 2008. Of these 251 inpatients, 45 (18%) had hypoglycemia due to causes other than diabetes (e.g., insulinoma, factitious insulin use, severe illness, or drug overdose). The final analytic dataset focused on the remaining 206 patients who had a diagnosis of diabetes or hyperglycemia. The mean (SD) age of these patients was 67 years (14); 56% were men, and 83% were white. The 206 patients had a total of 423 hypoglycemic episodes (laboratory glucose and bedside glucose values combined).
Temporal Hypoglycemia Patterns
Regardless of whether our analysis focused on laboratory glucose values or bedside glucose values, we detected more hypoglycemic events during the night shift than during the day shift (Figure 1 ). An examination of combined (laboratory plus bedside) glucose values showed that 78% more hypoglycemic occurrences were recorded during the night shift than during the day shift; the night shift had 271 episodes of hypoglycemia, and the day shift had 152 episodes (Figure 1) .
When bedside glucose values were analyzed separately, there were 186 events for the night shift and 135 for the day shift (Figure 1 ). There were 85 laboratory glucose values <70 mg/dl for the night shift but only 17 for the day shift (Figure 1) . In our facility, insulin infusion is provided only in the intensive care setting. Hence the hypoglycemia patterns observed may be biased by the contribution of more aggressive use of insulin or more frequent monitoring from the intensive care setting. However, this pattern of more hypoglycemic readings during the night shift persisted even after the exclusion of events that occurred in the intensive care areas of the hospital (not shown). When hourly hypoglycemic values were assessed, we found that most events occurred between 04:00 and 04:59 and between 06:00 and 06:59, with other peaks occurring between 11:00 and 11:59, 16:00 and 16:59, and 21:00 and 21:59 hours (Figure 2A) . Bedside glucose data contributed to the peaks found between 06:00 and 06:59, 11:00 and 11:59, 16:00 and 16:59, and 21:00 and 21:59 hours (Figure 2B) , whereas laboratory glucose data contributed to the peak found between 04:00 and 04:59 hours (Figure 2C) .
The median length of stay was 6 days, and the mean was 9 days (11) (range of 1 to 97 days). Most patients (72%) had lengths of stay that were 9 days or less. Therefore we analyzed the number of hypoglycemic events per person for lengths of stay up to 9 days. The number of hypoglycemic events (combined bedside and laboratory glucose values) per patient varied in relation to hospital length of stay. Fewer hypoglycemic events occurred with lengths of stay of 4 days or less ( Figure 3A) and then increased after lengths of stay were >5 days.
In-Hospital Distribution of Hypoglycemia
Some areas in the hospital experienced more hypoglycemia than others. The percentage of hypoglycemic values ranged from a high of 28% in area 1 to lows of 11% in areas 5 and 6 ( Figure 3B ). Although these areas would have had mixed medical/surgical patient populations, they were generally designated for persons with specific diagnoses. Hence area 1 typically accommodated patients with cardiovascular diseases; area 2, persons with neurologic diseases; area 3, transplant patients; area 4 was intermediate/intensive care; area 5, hematology/ oncology/bone marrow transplant patients; and area 6, orthopedic/urologic patients.
No one patient care area had worse hypoglycemia than any other (i.e., mean hypoglycemic values were not statistically significant among areas; p = .88 by the Kruskall-Wallis test).
Discussion
The risk of hypoglycemia remains a concern for hospitalized patients with diabetes. 14 As might be expected, tight glycemic control programs are associated with more hypoglycemia. 9,18 Identifying the times of highest risk for hypoglycemic events and the areas within the hospital where most of these events occur can help hospitals focus on identifying the contributing factors and developing targeted interventions to reduce the frequency and severity of low glucose values among diabetes inpatients. In a 24 h period, most hypoglycemic events in hospital patients occurred (A) between 04:00 and 04:59 or between 06:00 and 06:59; other peaks occurred between 11:00 and 11:59, 16:00 and 16:59, and 21:00 and 21:59 hours. (B) bedside glucose data contributed to the peaks occurring between 06:00 and 07:00, 11:00 and 11:59, 16:00 and 16:59, and 21:00 and 21:59 hours. Whereas, (C) laboratory glucose data contributed to the peak that occurred between 04:00 and 05:00 hours.
Bedside + Laboratory
Bedside only
Laboratory We found that most of the hypoglycemic events in our facility occurred during the night shift, particularly during the early morning hours. The increased frequency of events occurring overnight persisted even after excluding the measurements taken in intensive care areas, where glucose values are typically obtained more frequently; hence the higher overnight values would not represent a measurement bias introduced by the more frequent glucose monitoring of intensive care patients. The greater frequency of bedside readings occurring overnight were due both to more patients having events as well as more events occurring per patient, while the higher night-shift laboratory hypoglycemic readings were from more patients having low values.
We observed that the number of hypoglycemic events occurring per person was lower with shorter hospital stays but increased with longer hospitalizations. One explanation for this finding could be that longer stays in the hospital allowed practitioners more time to aggressively intensify insulin therapy, which led to more hypoglycemia. The other possibility is that efforts to control hyperglycemia earlier in the hospital stay finally caught up with the patient (in the form of more hypoglycemia) as the hospitalization progressed.
This was not an analysis of diabetes prevalence by hospital area (which would require the number of all patients by hospital area as the denominator) or a prevalence study of hypoglycemia among diabetes patients, which we have reported on previously. 12 It should be noted that this article is also not an analysis of changes in glucose control over time, an assessment of glycemic severity, or an assessment of therapeutic strategies. We have previously described mean glucose values, changes in glucose over the first and last 24 h of the hospital stay at our facility, and patterns of insulin use. 12, 19 There is no consensus about how best to summarize and report glycemic control in the hospital (i.e., "glucometrics"); correlation between laboratory versus bedside glucose values can be imprecise, particularly in intensive care settings. [20] [21] [22] We have previously used bedside glucose measurements to evaluate the status of inpatient glucose control. [11] [12] [13] The limits of bedside glucose testing must be recognized when deciding on inpatient glycemic goals and how to measure success at achieving those goals. However, bedside glucose measurements remain the mainstay of how practitioners judge the daily (if not hourly, in intensive care settings) status of inpatient hyperglycemia and make therapeutic decisions about its management. In our facility, the number of bedside glucose measurements averages approximately four per day, whereas mean laboratory glucose measurements are less than one per day (too few to effectively monitor for hypoglycemia). 12
In this study, a substantial portion of hypoglycemic events were detected through the use of routine bedside glucose monitoring; these might have been missed by relying on less frequently monitored laboratory glucose. It is possible that many hypoglycemic events were either asymptomatic, occurred in patients who had altered mental status and hence were unable to respond appropriately to hypoglycemia, or happened in patients who were not familiar regarding the symptoms of low laboratory glucose.
Our data most likely do not represent a true physiologic circadian pattern of nocturnal hypoglycemia, as has been proposed for hyperglycemia in the intensive care setting. 23, 24 The diurnal and preprandial patterns we detected are mostly incidental findings resulting from routine glucose monitoring, and they suggest that the hypoglycemia is caused by extrinsic factors rather than some innate rhythm. One likely explanation is inaccurate application of insulin therapy. Sliding scale insulin therapy has been associated with more hypoglycemia, 10, 25 and if there is a predominant use of sliding scale insulin therapy at bedtime to cover high glucose readings, for example, this may predispose to more nighttime hypoglycemic events. We have previously shown that there is a heavy use of bolus (short-acting insulin therapy), despite the presence of persistent hyperglycemia. 12 Another possibility is that patients must often fast overnight for morning procedures, which places them at risk for hypoglycemia, particularly if there is concomitant use of insulin therapy. Lastly, the higher occurrence of nocturnal hypoglycemia may be due to poorer symptom detection during sleep on the part of the patient. 26 The temporal patterns that we observed may also be specific to our hospital. In addition, our findings are limited in that we did not evaluate the possible extrinsic reasons that might account for the observed diurnal hypoglycemic patterns. However, determining the etiology of hypoglycemia is challenging. The antecedent factors to a hypoglycemic event are likely a result of a chain of events (e.g., making a patient fast for a procedure then not adjusting the insulin dose) rather than from a single predisposing cause and may be different for separate episodes of hypoglycemia due to the dynamic nature of dietary intake, medication use, and patient status. Understanding the cause of a hypoglycemic event often requires gathering information from the patient, the nurse, and the chart. Because of this complexity, retrospective chart reviews are probably not the best means of examining contributing causes of inpatient hypoglycemia. One approach to this issue that our institution has taken since completing this analysis that may allow more "real-time assessment" is introducing into the electronic chart a list from which a nurse can choose the most probable contributing cause of a hypoglycemic event at the time of the occurrence.
We also did not collect data on the morbidities associated with hypoglycemic events. Accurate information is difficult to obtain from retrospective chart reviews about the clinical sequela of hypoglycemia. In our institution, hypoglycemia intervention is typically conducted by nursing staff according to written policy guidelines and an algorithm. Grading of the severity of hypoglycemia is not part of our policy requirements, but it could be incorporated into future quality improvement initiatives. From a biochemical standpoint, however, the majority of hypoglycemic values were moderate to mild in severity, with most falling into the 50 to 69 mg/dl range.
Besides identifying temporal patterns in hypoglycemic events, our findings also demonstrated variation across different care areas within our hospital. Prior studies on hypoglycemia in hospital patients have typically focused on the overall institutional prevalence of the problem or on its prevalence within specific treatment settings such as intensive care units. 1, 4, [6] [7] [8] [9] [10] [11] [12] [13] Glycemic targets are different in ward patients versus intensive care unit patients, severity of illness is different, and there are very different methods used to achieve control. Because of these factors, the reason, severity, and mechanism for an intensive care patient being hypoglycemic may be very different than for a non-intensive care patient.
Our data indicate that hypoglycemia does not occur uniformly throughout our hospital. The reasons for this geographic variation within our hospital cannot be ascertained from this analysis, but they warrant further investigation. It is possible that some hospital areas are using more aggressive measures to control hyperglycemia or perhaps that some areas have more severely ill diabetes patients who have a greater predisposition to hypoglycemia.
Recent data showing an increased risk of hypoglycemia in hospital patients with attempts to better control hyperglycemia may deter practitioners and hospitals from implementing programs to better control inpatient glucose levels. 9,18 An analogy can be drawn with the similar challenge faced in outpatient diabetes management. Achieving desired glycemic targets among patients with diabetes is often limited in the outpatient setting by concern of causing hypoglycemia. 27 Clinicians are always trying to strike a balance between tight glycemic control and the risk of hypoglycemia in diabetes outpatients as they attempt to achieve the best individual glycemic control possible.
Diabetes outpatients typically have control over factors (e.g., amount and timing of meals and exercise) that might contribute to or reduce the risk of hypoglycemia, and they typically can recognize symptoms and institute corrective measures. For many reasons, in the inpatient setting, however, patients generally must surrender control of their diabetes management to the medical staff and may not be able to participate in their own diabetes care. Since diabetes self-management is often not an option in the hospital, tight glycemic control initiatives for inpatients cannot be instituted unless they are coupled with efforts to understand and correct systembased problems that increase the risk of hypoglycemia. An example would be insulin-infusion algorithms with built-in expert rules designed to avoid hypoglycemia. 28 Rather than abandon efforts to improve inpatient hyperglycemia in order to avoid hypoglycemia, hospitals should examine their hypoglycemia policies-which are typically just reactive-and alter them to incorporate preventive strategies.
Despite the limitations of our analysis, this study provided insights on the patterns of hypoglycemia in our hospital. Further investigation is needed to determine why most episodes occur overnight and in specific areas of the hospital. With more information, interventions can be developed to specifically reduce the frequency of low glucose levels at these high-risk times and places.
